Summary. The 
Introduction
The development of practical and accurate techniques for quantitating histological characteristics of cells and tissues has led to renewed interest in correlating structure to function in a variety of organs. An underlying objective in this work was to determine whether the physiological activity of an organ or tissue is related to, or is limited by, its structural characteristics. The corpus luteum of the rat is useful for such studies because its functional activity, with respect to progesterone secretion, can be accurately determined and its relatively homogeneous, discrete structure simplifies morphometric analyses.
We have previously examined, at the light microscope level, luteal structure at different stages of gestation in the rat and related this to plasma concentrations of progesterone (Meyer & Bruce, 1979a . In the present work the ultrastructure of the luteal cell was examined to relate structural features of those cell organdíes considered to be significant in steroid synthesis (Christensen, 1975) with rate of progesterone secretion as determined previously by a venous out¬ flow technique (Bruce & Meyer, 1981) . The study was designed so that the values obtained for luteal cells could be compared with those reported for a similar steroid-secreting cell, the Leydig cell of the rat testis (Mori & Christensen, 1980 paraformaldehyde-2% glutaraldehyde buffered with 0-1 M-cacodylate buffer, pH 7-4, at [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] mmHg pressure for 20 min at room temperature. The ovaries were removed, dissected free from associated fat, bursa and oviduct, and weighed. Corpora lutea (CL) were then dissected out and weighed together to determine total luteal mass; the remaining ovarian tissues (stroma) were also weighed. During dissection, tissues were immersed in a combined formaldehyde-glutaraldehyde fixative containing picric acid (Stefanini, De Martino & Zamboni, 1967) . Details of the dissection and weighing (Meyer & Bruce, 1979a) and progesterone radioimmunoassay techniques (Meyer & Bruce, 1979b) have been described previously.
One CL was randomly selected from each ovary of 5 rats. It was weighed and sliced into large pieces (approximately 0-5 mm3) for light microscopy and small pieces (approximately 0-2 mm3) for electron microscopy. A slice from the centre and periphery of each CL was processed and analysed separately. After the dissected tissues had remained in fixative for a further 2 h they were processed as described previously (Meyer & Bruce, 1979a) (Weibel, 1979; p. 376) . One section was examined from a central and a peripheral slice taken from one CL from each ovary of each of the 5 rats. Three fields were analyzed in each section and thus a total of 60 fields were examined in all. The stereological methods used here and in our previous studies (Meyer & Bruce, 1979a, b; were based on the stereological principles and techniques originally described by Weibel & Gomez (1962) and elaborated by Weibel (1979) . The formula used for estimating volume fraction was Vv = Pp, for surface density it was Sv = 2IL, and for numerical density of nuclei was Nv = ( /ß) (NA3/PP) (see Weibel, 1979 ; formulae 2-24, 2-31 and 2-85, respectively). The size coefficient was given a value of 1 -0 and for luteal cell nuclei, the shape coefficient ß was given a value of 1 -382 which is appropriate for spheres. For the endothelial cell nuclei the ß coefficient was given a value of 1 -72. Although pleiomorphic, these nuclei generally resemble oblate spheroids and the coefficient, based on the measurement of axial ratios of 20 nuclei (0-43 ± 004, mean ± s.e.m.) was estimated graphically (Weibel, 1979;  Fig. 2 Morphometric calculations were carried out using methods similar to those described by Mori & Christensen (1980) and Weibel (1963 Weibel ( , 1979 . At the low magnification a transparent overlay bearing a lattice grid containing 342 test points was placed on each electron micrograph, then the fraction of points occurring within the structure of interest was determined. This count gave the percentage of luteal cell cytoplasm occupied by a particular organdie's volume. The estimation of numerical density for mitochondria and lipid droplets was carried out using the formula described for light microscopy.
At the higher magnification, for the measurement of organdie membrane surface and volume densities, a transparent overlay of the multipurpose test system (M42) was placed over each micrograph. Intersections with pertinent surface contours on the micrograph were recorded as well as the fraction of points lying on the organelles of interest. Surface areas were calculated for smooth endoplasmic reticulum membrane, outer mitochondrial membrane and inner mitochondrial membrane, the latter including the inner envelope and both surfaces of cristae.
Correction for tissue shrinkage
Luteal volume was calculated by dividing weight of the perfusion fixed tissue by 1 094, its relative density (Meyer & Bruce, 1979a) . All values were adjusted back to this volume by applying appropriate linear shrinkage factors and assuming shrinkage to be isotropie. The factor for light microscopy (0-935) was determined by dividing the length of a section of tissue measured after processing, cutting and mounting by that measured before processing. An attempt was made to determine a specific shrinkage factor for electron microscopy by multiplying the above factor by the distance between two structures observed on an electron micrograph then dividing by the equivalent distance measured from an adjacent light microscope section. A series of 5 such determinations gave variable results probably due to localized shrinking and stretching of thin sections placed on copper mesh grids and exposed to electron beams. Since a reliable factor could not be determined it was decided to use the light microscope shrinkage factor for all subsequent calculations. Volume fractions or percentage compositions were based on point counting and needed no correction. Numerical density included an estimate of area examined and this area was corrected by dividing it by the square of the shrinkage factor to correspond with the area that would have been covered had shrinkage not occurred. Surface density included an estimate of grid line length and this was divided by the shrinkage factor for the same reason.
Correction for shape, size and section thickness (electron microscopy)
To estimate the numerical density of lipid droplets, was given a value of 1 0 and ß, a value of 1-382, that for spheres. Mitochondria were assumed to be cylindrical in shape and from their average axial ratio a ß coefficient value of 1-9 was assigned (Weibel, 1979;  Fig. 2.30 ). The coefficient for mitochondria was again given a value of 1-0.
Volume fraction and surface density values tend to be overestimated due to factors relating to shape and size of structures relative to section thickness. Appropriate correction factors were determined using the methods and sets of curves described originally by Weibel & Paumgartner (1978) . In this study, mitochondria and smooth endoplasmic reticulum were assumed to be cylindrical, lipid droplets and granules to be spherical, and section thickness to be 40 nm. The multipurpose test grid was used on the high magnification electron micrographs ( 51 000) to select sites for measuring critical width of structures (Weibel & Paumgartner, 1978 (Weibel, 1979; Figs4.19and4.21) and used in the analysis were:for volume density, £t(Vv) = 0-92, 0-65, 0-94 and 0-81 for mitochondria, smooth endoplasmic reticulum, lipid droplets and granules, respectively; for surface density, £t(Sv) = 0-95, 0-95, 0-61 and 0-72 for outer and inner mito¬ chondrial membranes, cristae and smooth endoplasmic reticulum, respectively.
Results
The number of live fetuses per rat was 11-6 + 2-4 (mean ± s.e.m.) and the number of corpora lutea was 11-8 ± 1-0. These values and the mean plasma concentration of progesterone (85-4 + 7-5 ng/ml) were within the normal range of the colony. Fig. 1 (Mori & Christensen, 1980) . (Rohr et al., 1976) , ovary (Enders, 1973 ; Long, 1973) and testis (Mori & Christensen, 1980; Zirkin, Ewing, Kromann & Cochran, 1980) have many ultrastructural characteristics in common but whether there is a common pattern in the quantitative relationship of ultrastructure to rate of hormone secretion is not known. The extensive study by Mori & Christensen (1980) The testis is 33 times heavier than the ovary but only a small percentage of testicular volume is composed of Leydig cells and so total steroidogenic mass is only 2-4 times greater. (Meyer & Bruce, 1982) . In contrast, Leydig cell hypertrophy seems to be limited although total number can increase by a factor of 3 following chronic hCG stimulation of the adult testis (Christensen & Peacock, 1980) . It is possible that structural or functional limitations to growth are quite different in the two cell types, despite other apparent similarities. Absolute nuclear volume in the Leydig cell is only about 21% of that in the luteal cell, although when expressed as a percentage of cell volume it is substantially greater. Nuclear volume is related to steroid secretion rates, at least in luteal cells (Meyer & Bruce, 1979a) , but whether this relationship is functionally significant is not known.
The percentage composition of cytoplasm is similar in the two cell types except for the relatively small amount of lipid droplets in the Leydig cell, less than 3% of that in the luteal cell. Mori & Christensen (1980) First, the similarity of steroidogenic cell ultrastructure could be coincidental and masks real differences in metabolic pathways of steroid synthesis. For example, although cholesterol is a common precursor in the synthesis of both progesterone and testosterone, there is some debate as to whether it is taken up directly from arterial blood or synthesized from acetate within the cell. The latter mechanism seems to be important in the testis (van der Molen & Rommerts, 1981), but not in the ovary (Swann & Bruce, 1982 (Uchida et al, 1970) .
To date, however, there is no indication that the secretion of hormones, other than testosterone and progesterone, is sufficient to explain the gross difference in structural-functional relationships between the two gonads.
Thirdly, the steroid secretion rates used in the above calculations refer to their secretion into the venous drainage system alone and not to total rate of steroid synthesis by the gonad. In the testis there is good evidence that some of the testosterone synthesized is either taken up by the semini¬ ferous tubules, leaves by the lymphatics, or is metabolized within the gonad (van der Molen & Rommerts, 1981). Less is known about the fate of progesterone synthesized in the rat ovary, although in the sheep it is estimated that around 10% might leave by the lymphatics (Morris & Sass, 1966) . Quantitative estimates of the significance of alternate routes of secretion or metabolism of hormones within the gonad are not available but again it is highly unlikely that they could explain the greater than 50 :1 difference in the rate of hormone secretion per unit area of steroidogenic membrane between the two gonads.
Finally, it is possible that the physiological reserve or capacity for increased steroid secretion is much greater in the testis than in the ovary, but information is not available on maximum rate determined from rats maintained under physiological conditions. Whatever the explanation, the present work, together with the pioneering study of Mori & Christensen (1980) 
